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Specification 

Title of the Invention 

An Active Matrix Type Substrate for Liquid Crystal Display 
What Is Claimed 

An Active Matrix Type Substrate for Liquid Crystal Display characterized 
as consisting of at least thin film semiconductor active elements formed in 
matrix shape on a insulating substrate, matrix interconnections for 
controlling and applying signals through said active elements, a transparent 
insulating planarizing film formed on said insulating substrate for covering 
said active elements and said matrix interconnections, and display electrodes 
formed on said insulating planarizing film. 

Detailed Description of the Invention 
(An Industrial Utilizable Field) 

The present invention relates to an active matrix type substrate for liquid 
crystal display comprising active elements using a thin film semiconductor. 

(The Conventional Technique) 

Recently, the development of active matrix type liquid crystal display for 
high picture qualities by providing the active elements using the thin film 
semiconductor like as thin film transistor (TFT) or thin film diode (TFD) on 
each picture element is active. The liquid crystal display like that consists of 
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a liquid crystal being held between two substrates, other is the active matrix 
type substrate which said active elements are formed on matrix shape, the 
other is, for example, the counter substrate which a transparent electrode is 
formed on all the surface of the glass substrate. The transmitted liquid 
crystal display using a transparent substrate like as glass substrate for 
substrate to form active elements is developed, because the contrast TN type 
liquid crystal is usually used well. 

As the material of thin film semiconductor for channel region of active 
elements, amorphous silicon (a-Si) and poly silicon (poly-Si) is mainly used. 
A-Si is applied for many of recent pocket type liquid crystal television and 
etc. because it is able to be formed variously at low temperature using the 
cheap glass substrate. Poly-Si can realize the very stable against light and 
highly efficient active element because its mobility is higher than that of a-Si 
and its optical sensitivity is much dimmer than that of single crystal silicon 
or a-Si. Though Poly-Si is expected to be applied for the next high resolution 
liquid crystal display etc., in the existing circumstances, the technique 
forming in a large area easily at low temperature as a cheap glass substrate 
used is not accomplished. 

As the method of forming poly-Si active element, there is a method of 
using an usual silicon IC or the high-temperature poly-Si process in the LSI 
process. But as the material of the substrate, a quartz or single crystal silicon 
substrate that can endure in the high-temperature process like that is 
needed. For example, the method of forming active matrix substrate: using 
the latter single crystal silicon substrate in this process, forming the 
peripheral driver circuit that is needed no incident light, high-speed and 
high resolution in the single crystal silicon transistor circuit, and forming the' 
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active element that has the incident light by poly-Si TFT, is described in the 
specification of Patent No. Sho 61-246653 (An Active Matrix Liquid Crystal 
Display and its Fabrication Method). In this invention, showed in Figure 2, 
for example, active matrix type substrate is made by adhering the device 
layer which active element is formed on the transparent glass substrate 201 
by the transparent adhesive layer 202 like as epoxy or polyimide etc. 

The details of the device layer is as follows: It is not showed in Figure 2, 
after the island shape poly-Si semiconductor layer 204 was formed and 
arranged to matrix shape on the thermal oxidative insulating film 203, for 
example, made of silicon dioxide, using the usual silicon IC and LSI process 
on the single crystal silicon substrate, the gate insulating film 205 and the 
gate electrode 206 are patterned in order. Next, to make TFT, after a source 
and drain region was formed in poly-Si semiconductor layer by ion 
implantation and etc., the insulating film 207 for separating the 
interconnection is formed, a contact hall is made, and the drain 
interconnection 208 for recording the signals by aluminum interconnection 
and the source contact 209 are patterned. The display electrode 210 is the 
transparent electrode made of ITO, and connected with the source contact 
209. The source contact does not need in this case, but it had better provide 
the source contact because the reliability of the connection with the source 
region through the contact hall more than 3,000 A is usually lost in case of 
only the display electrode 210 of 500 A . Last, to make the device layer of 
thin film, this single crystal silicon substrate is polished selectively from its 
underside to the thermal oxidative insulating film 203. Figure 3 shows the 
model plan view of the active matrix substrate containing the peripheral 
driver circuit. For example, peripheral driver circuit which is the scan driver 
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circuit 301 consisting of the single crystal silicon transistor and the signal 
driver circuit 302 are provided around the active matrix elements formed by 
the matrix interconnection in which the gate electrode 206 is the horizontal 
interconnection and the drain interconnections 208 is the vertical one, and 
the picture element separated individually by poly-Si TFT 303 and the 
display electrode 210. The liquid crystal display is accomplished by the TN 
type liquid crystal 213 being interposed between the transparent counter 
electrode 212 made of ITO that the liquid crystal orientation film 211 
(referring Figure 2) is formed on all over the display electrode 210 on the 
active matrix type substrate formed as above mentioned, and the counter 
substrate formed on all the surface of the transparent glass substrate 
201(Figure 2). 

(The Problem Which This Invention Would Resolve) 

There are several methods of forming the liquid crystal orientation film 
211. Recently, the rubbing method is used among them because of its ease 
in manufacturing. It is the method of polishing the organic film with the 
brush of which surface is made of cloth etc. to arrange the liquid crystal 
molecular in one direction after pattern forming the organic film, for 
example, made of polyimide etc. by printing etc. as the liquid crystal 
orientation film. In case of making the organic film formed on the active 
matrix type substrate showed in Figure 2 the liquid crystal orientation film 
211 by rubbing, the level difference of the aluminum interconnection etc. 
does not cause the uniform orientation all over the region. Especially, it is 
remarkable around the display electrode 210. For example, the level 
difference by the film thickness of the aluminum interconnection is usually 
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more than l|im, in the remarkable case, the region being rubbed is on the 
aluminum interconnection and it is no orientation on the display electrode 
210 which should like to be rubbed. If the friction against the film is 
strengthened to make the surface of the display electrode 210 good condition 
for the orientation film, it may damage the TFT. In the conventional example 
as above mentioned, it was the bad yield structure causing the no-good 
orientation film at the rubbing for forming the liquid crystal orientation film 
211, and damaging TFT. The active matrix type substrate forming poly-Si 
TFT directly on the quartz substrate has the same problem, too. 

The purpose of this invention is providing the active matrix type 
substrate for the liquid crystal display of the good yield and high resolution 
by removing the conventional drawback. 

(The Means to Solve the Problem) 

To realize the above purpose, the active matrix type substrate for liquid 
crystal display consists of at least thin film semiconductor active elements 
formed in matrix shape on a insulating substrate, matrix interconnections for 
controlling and applying signals through said active elements, a transparent 
insulating planarizing film formed on said insulating substrate for covering 
said active elements and said matrix interconnections, and display electrodes 
formed on said insulating planarizing film. 

(Embodiment) 

An Embodiment of this invention is explained referring the Figure as 
follows. 

Figure 1 shows the cross-section of the active matrix type substrate for 
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liquid crystal display for explanation of an Embodiment of this invention. In 
Figure 1, the structure of this Embodiment is as same as that of the 
conventional one: for example, the thin film device layer that has the active 
elements arranged in matrix shape made of poly-Si through intermediary of 
the adhesive layer 102 is provided on the cheap transparent glass substrate 
101 as a susceptor. The material of the adhesive layer 102 is as same as that 
of the conventional example, for example, the transparent adhesive like as 
epoxy or polyimide. 

The details of the device layer is explained as follows. It is not shown in 
the Figure, the silicon dioxide insulating film 103 is formed on the single 
crystal silicon substrate by thermal oxidation or CVD method. Its thickness 
is not restricted especially, but that of more than 1,000 A is desirable 
considering the polishing accuracy for forming the device layer mentioned 
later. The poly-Si semiconductor layer 104 is deposited on the insulating 
film 103, for example, by CVD method, and patterned in island shape to be 
the TFT channel region of matrix type separated from each picture element. 
Next, for example, the gate insulating film 105 made of silicon dioxide by 
thermal oxidation and the poly-Si gate electrode 106 are formed and 
patterned in order on the poly-Si semiconductor layer 104 by the same 
process as MOSFET of usual silicon IC. The poly-Si gate electrode 106 itself 
forms, for example, the horizontal interconnection of the matrix 
interconnection, and controls the switch of poly-Si TFT. After forming the 
source and drain regions in the poly-Si semiconductor layer 104, for 
example, by ion implantation, an insulating film 107 is formed for separating 
the gate electrode 106 from an aluminum interconnection to be formed later, 
and contact halls are formed in the source and drain regions. Next, after - 
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aluminum is deposited all the surface of it to the thickness of about l^im, 
and patterned to the drain interconnection 108 to be a signal applying 
interconnection and the source contact 109. The drain interconnection 108 
forms, for example, the vertical interconnection, and makes matrix 
interconnection with the horizontal interconnection of the gate electrode 106. 
The transparent insulating planarizing film 110 is formed by coating, for 
example, the silicon dioxide material for coating film (trade name: Tokyo Oka 
OCD) or the acryl resin material for coating film (trade name: Nihon 
Goseigomu JSS-451) on all the region surrounded with said matrix 
interconnection containing poly-Si TFT arranged at least in matrix shape to 
the thickness of about l)im to 2|im by spincoat etc. and baking. Next, the 
contact halls are formed on said planarizing film 110 on the source contact 
109 of all the poly-Si TFT arranged in matrix shape by photolithography, and 
the transparent display electrode 111 made of, for example, ITO connected to 
each source contact 109 and separated each picture element, is provided. 
The display electrode 111, which is the thin film of thickness of 500 A to 
1,000 A, is desired to reduce the level difference by etch back, when the 
forming condition of the planarizing film 110 is that the level difference of 
contact hall is 0.5|i,m to l|im. Last, the device layer is accomplished by 
polishing selectively from the underside of the single crystal silicon substrate 
mentioned in the conventional example. The planarizing film 110 and the 
display electrode 111 may be formed by the method of forming on the active 
matrix type substrate after polishing the single crystal silicon substrate. 

In the active matrix type substrate of this Embodiment which the device 
layer formed as above mentioned is bonded on the glass substrate 101 
through intermediary of the adhesive layer 102, the level difference of about 
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l|am by the matrix interconnection etc. is reduced to about 0.1 |im to 0.2|iin 
by the planarizing film 110. The level difference by the matrix 
interconnection etc. is sharp by photolithography, but becomes smooth by 
the planarizing film 110. Therefore, the liquid crystal orientation film 112 
formed on the display electrode etc. becomes flat and the whole of the liquid 
crystal orientation film can be rubbed equally without damaging TFT and the 
no-good orientation film is not produced. 

In this Embodiment, the method of forming the peripheral driver circuit 
on the single crystal silicon substrate is as same as the conventional example 
showed in Figure 3 and the planarizing process can be used, too. And, in this 
Embodiment, we explained the active matrix type substrate forming poly-Si 
TFT on the single crystal silicon substrate, but this invention can apply to 
forming poly-Si TFT directly on the quartz substrate mentioned in the 
conventional example, or to the active matrix type substrate of a-Si TFT or 
TFD etc. 

(The Effect of This Invention) 

As above mentioned, by the active matrix type substrate for liquid 
crystal display of this invention, the good liquid crystal display is possible by 
making the sharp and high level difference by the aluminum interconnection 
etc. smooth and flat surface by the easy process of spincoat of the planarizing 
film 111, and by being formed the uniform and good liquid crystal 
orientation film 112 by rubbing. A strong frictional rubbing is not necessary, 
and it is no-defect and high yield structure of less damage to the aluminum 
interconnection and TFT at rubbing. 
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The Brief Explanation of the Figures 

Figure 1 shows the cross-section of the active matrix type substrate for 
liquid crystal display for the explanation of an Embodiment of this invention. 
Figure 2 shows the cross-section of the active matrix type liquid crystal 
display for the explanation of the conventional example. Figure 3 shows the 
model plan view of the active matrix type substrate for liquid crystal display 
for the explanation of this invention and the conventional example. 
101 and 201 — glass substrate, 102 and 202 — adhesive layer 
103 and 203 — insulating film, 104 and 204 — poly-Si semiconductor layer 
105 and 205 — gate insulating film, 106 and 206 — gate electrode 

107 and 207 — insulating film for separating interconnection 

108 and 208 — drain interconnection, 109 and 209 — source contact 
110 — planarizing film. 111 and 210 — display electrode 

112 and 211 — liquid crystal orientation film, 212 — counter electrode 
213 — liquid crystal, 301 — scan driver circuit, 302 — signal driver circuit 
Patent Attorney Shin Uchihara 
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